The emission and absorption spectra of chromyl chloride (and the pureW1 isotopic species) have been obtained in an argon matrix at 4 K. In emission, two systems are obtained and these correlate with the two systems previously found in the Abelson spectrum of the pure crystal and which were analyzed as the lowest singlet and triplet systems. The emission systems have, therefore, been assigned as phosphorescence and fluorescence.
INTRODUCTION
Chromyl chloride is a pseudotetrahedral molecule which has an extraordinary electronic spectrum in the visible region, both in the vapor (I, Z,3) and the pure crystal (4) . The infrared (5) and Raman (6,7) spectra have also been reasonably well-defined (Table  III) and thii combination has afforded an unusual opportunity for a detailed analysis of a pseudotetrahedral molecule since very few cases are known where tetrahedral or pseudotetrahe~al molecules have resolvable vibrational and/or rotational structure (8,9,10,fl) in excited electronic states. The matrix spectrum was of particular interest for two principle reasons. First, the crystal spectrum exhibits features which were assigned as phonons but could be electronic splittings. Second, it was hoped to obtain the emission spectrum in the matrix in order to verify the nature of the main upper state progression forming vibration in both the vapor (1, 2, 3) and crystalline phases (4) . This verification was desirable because of the previous assignments (3, 4) which attributed the upper state progression to a (~4) vibration which is almost unchanged ( ~4 cm-l) in frequency in thegroundand excited states, despite its occurrence in the upper state of about 8 quanta and with the intensity maximum at about the fifth quantum.
The matrices were laid down directly on to a piece of square section fused silica filled with liquid helium. The chromyl chloride reservoir was maintained at -8O'C and the argon pressure regulated so as to maintain a dynamic pressure of 3 X IO-+ Torr in the vacuum space. The matrices were a very light orange in color and ranged in thickness from about 1.5-S mm.
The emission spectra were obtained by irradiation of the matrix by a 1.5 kw Hg/Xe lamp using water and Corning 3-75 filters. Exposure times were, typically, between 15-30 min. The spectra were all recorded on Kodak 103aF and 103aD film on a Bausch and Lomb 1.5 metre grating spectrograph with a theoretical resolving power of about 35,000.
The Cr0236C1~ used was prepared from Naa6C1 in the conventional way.
RESULTS
The absorption and emission frequencies of the CrOKlz species are given in Tables I  and II and a microdensitometer trace of the origin region in both absorption and emission is shown in Fig. 1 . The Franck-Condon intensity pattern of the absorption spectrum is very similar to both that of the vapor and the crystal, with the intensity maximum occurring in the fourth quantum of the main progression mode. The pattern of the region from the origin to about 300 cm-' higher frequencies from it is also identical, i.e., the first feature, other than the main progression, occurs about 200 cm-l from the origin in both the matrix and the crystal spectrum.
DISCUSSION
A comparison of the lowest frequency band of the absorption system with the highest band in the emission system shows a difference of only 70 cm-' in the sense v(emission) > ~(absorption). This is attributed to a matrix effect although it must be noted that it is in the opposite sense of that usually observed for the emission absorption difference. The exact nature of this unusual effect is currently under a detailed ex~ation.
The first band in each case is therefore, interpreted as the electronic origin and the conclusion to be drawn is that the system onset is electronically allowed. This conclusion is not possible from any analysis of either the vapor or crystal absorption system and is an important one from the point of view of a decisive conclusion regarding the direction of the electronic transition moment in this transition. (The molecular axis convention is as defined previously (3, 4), i.e., the z axis is the twofold rotation axis and the chromium and oxygen atoms lie in the xz plane.) The matrix origins in absorption (17211 cm-l) and emission (17281 cm-') bracket the previously assumed origin of the vapor spectrum (17234 cm-l) and its correspondence with the bands found in the pure crystal further confirms the assignment of the origin in the vapor (3,4) as ad, using the trivial notation introduced by Kronig et GE. (1).
Apart from this result, the most important part of the emission spectrum is that commencing with the band at 16,987 cm-'. This band varies in relative intensity by more than an order of magnitude dependent upon the particular matrix. The reason for this is not known but is thought to depend upon the concentration of the matrix or the rate at which it was laid down. The band in question is separated from the highest frequency band by 294 cm-l, which is not a molecular frequency (see Table III ). This displacement corresponds to the displacement of the first strong (singlet) band in the f The best phosphorescence emission was obtained using natural abundance Cr02C12 so that the isotopic splitting was frequently observed (and can be seen clearly in the emission trace, Figure 1 Tables I and II. absorption system of the crystal (4) from the origin of the system which was assigned (4) as a triplet transition. This band is, therefore, assigned as the origin of the '(phosphorescence" system of chromyl chloride and its independent character compared with the band system origin about 300 cm-l to higher frequencies is further confirmed by the simplicity and clarity of the analysis of the bands based upon it as origin. Thus, e.g., the bands 21 and 2% occur based upon this origin and the isotope effect of this chorine-sketching mode is clearly visible in the natural isotopic mixture of CrO~3YY3rCl and Cr023rC12 both in the fundamentals themselves (by a broadening of band no. 18 which can easily be seen even in the accompanying low dispersion diagram of Fig. 1 by comparing it with e.g., band no. 9, and in the splitting of 6 cm-r between bands nos. 32 and 33 in Table II .) and in the progressions of ~4 based upon them-note particularly band nos. 26 and 27. The other feature of interest is the weak band about 196 cm-r from the singlet origin in emission, the analog of the band 224 cm-r from the origin in the crystal absorption system (217 cm+ in the absorption spectrum of the matrix). The assignment of this vibronic origin seems consistent only with its identi~cation as ~7 and it is so analyzed in Table II although there is obviously a serious discrepancy between the value of 196 cm-' and the 215 cm-l found from the Raman spectrum of the liquid. This frequency is nontotally symmetric and it may well be a matrix effect which is responsible for this difference. No other analysis appears reasonable except to assign it as a completely different electronic state (and there might well be other states lying nearby) but this explanation appears less plausible in the absence of further evidence. Since y7 is nontotally symmetric, the vibronic transition moment must be different for these bands, and all totally symmetric progressions based upon them, and this has been confirmed from their analysis in the vapor {3,#).
It is clear from the spectra, both emission and absorption, that the principal progression forming mode is, indeed ~4. This near coincidence of the upper and lower state principal progression frequency is one of the main reasons for the complexity of the (6) and (7)). vapor phase spectrum since, in general, with W-200 cm-r, there will always be a near coincidence between the 40"' band and its 4 rm+l sequence. This complexity is reduced by the use of pure 9sC1 compound but the system is still complex at ambient temperatures, as will be discussed elsewhere (3) .
In thick matrices of the natural abundance material, two low intensity satellite bands appear on the low frequency edge of each main progression member being most intense in the 714, progression members. The appearance of these is illustrated in Fig. 2 . They have been analyzed as traps (perhaps differently oriented molecules in the matrix or pairs). These features, at least those based on the 714, progression, are observed very weakly in emission and have been so assigned (see Table II ). There is no doubt, however, that the weak features are not isotopic in character as they can be seen very faintly in spectrum of the isotopically pure CrO!?5C12.
Finally, it is worth recording one peculiar feature of the emission spectrum. This concerns the role of ZJ~ in b&z the fluorescence and phosphorescence systems. The absorption spectrum of vapor crystal and matrix, show no evidence of any intensity enhancement of an upper state progression involving v2 and yet this progression appears prominently in the matrix emission spectrum. Even in the gas phase spectrum it is necessary to assign certain bands as having one or two quanta of v2 in the ground state (3) but no analogs of these have been found aa upper state progressions. It would appear possible that there is an accidental coincidence of the v2 progression with the v7 progression since this overcomes the obvious objection of the lack of any Fermi diads, but it must be stated that there is absolutely no evidence for this hypothesis. To this extent only, the
